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Abstract: This study is aimed to evaluate the possibility of lemon peel, as an 
agro-industrial waste, to remove Fe2+, Zn2+ and Mn2+ from single aqueous sol-
utions and mining wastewater. For this purpose, the influence of various para-
meters: sorption time, initial pH solution, initial metal ion concentration and a 
dose of sorbent on the sorption process were studied in batch experiments. The 
experimental equilibrium data have been analysed utilizing linearized forms of 
Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherms. The 
Langmuir isotherm provided the best theoretical correlation of the experimen-
tal equilibrium data for Fe2+, Zn2+ and Mn2+, with the maximum sorption cap-
acities of 4.40, 5.03 and 4.52 mg g-1, respectively.  The percentage of targeted 
ions removal from single aqueous solutions was 92.9 % (Zn2+), 84.5 % (Fe2+) 
and 78.2 % (Mn2+). Regarding the sorption capability of lemon peel in mining 
wastewater, the maximum removal of Fe2+, Zn2+ and Mn2+ from mining waste-
water was 49.62, 33.97 and 9.11 %, respectively. In addition, the potential 
reusability of the lemon peel as sorbent was investigated through desorption 
study in 0.1M of CH3COO4, HCl and HNO3 solution. The highest rate of 
desorption was achieved in 0.1 M HCl solution, reached a value of 55.19 % for 
Mn2+ and 37.24 % for Zn2+, while for Fe2+ the highest value of 25.82 % was 
achieved in 0.1M HNO3 solution. 
Keywords: sorption; citrus peel; biosorbent; wastewater. 
INTRODUCTION 
Mining wastewater is one of the largest sources of environmental contamin-
ation, because it contains large amounts of dissolved heavy metals that are per-
sistent in aqueous systems and can be harmful for living organisms in rivers.1,2 
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In order to protect the environment and preserve the supply of drinking water, it 
is necessary to purify wastewater before releasing it into the environment. 
Adsorption method has been increasingly used for removal of the heavy 
metals ions from water systems, because of its efficiency, simplicity, low oper-
ational costs and full availability.3 Activated carbon is one of the most commonly 
used and highly effective adsorbent for the removal of heavy metal ions. How-
ever, due to its high price and low regeneration rate it has limited application,3 so 
the quest for cheaper sorbent continues. 
The most common problems in selecting a suitable sorbent are related to the 
favourable price, full availability of sorbent and high selectivity of sorbent to 
remove heavy metal ions from water systems. By appropriate modification 
methods, properties of the sorbents can be improved, but in that case, the price of 
the entire process of purification of polluted water is increased. In order to solve 
these problems, research is focused on finding natural and cheap materials that 
can be used. In recent years, a great deal of interest has been focused on the use 
of agro-industrial waste as sorbents.4–7 Large quantities of waste materials, such 
as peel, generated during industrial processing of lemons, have an unfavourable 
environmental impact. Waste lemon peel is mainly deposited in landfills, where 
can potentially cause soil and local water pollution and in some cases can lead to 
uncontrolled methane production.8–10 On the other side, lemon peel has a high 
quantity of pectin that contains hydroxyl and carboxylic groups that can bond the 
divalent cations (heavy metals).11,12 Due to their global availability, physical 
stability and high pectin content, lemon waste has the potential to be used as a 
cheap sorbent for the removal of divalent cations.  
In our previous work,13 we confirmed that unmodified lemon peel could 
efficiently remove the copper ions from the aqueous system and mining waste-
water of “RTB Bor”. In this paper, we extend the previous studies on adsorption 
processes of unmodified lemon peel, investigating the sorption ability toward 
other common metal ions from mining wastewater of “RTB Bor” (Fe2+, Zn2+ 
and Mn2+). Namely, the sorption property of unmodified lemon in single aqueous 




Lemon taken from a nearby supermarket was washed with tap water to remove impur-
ities and soluble substances. The lemon peel separated from the edible part was grounded in a 
mill and washed with deionized water until the disappearance of yellow colour. Afterward, the 
peel was dried in an oven at 105±2 °C until constant weight, to remove the moisture com-
pletely. Dried lemon peel was additionally ground to obtain powdered sorbent.  
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Characterization of sorbent 
In order to get the detailed insight into the chemical composition of a sorbent, the content 
of ash, protein, fat, cellulose, acidic and basic functional group of lemon peel were analysed.   
Determination of the ash content was carried out in the prescribed method according to 
Standard Methods14 in two repetitions, and the results are shown as the mean value. 
The protein determination of lemon peel was performed by the Kjeldahl method. The 
nitrogen content was determined by the oxidation of the sample to water, carbon dioxide and 
ammonia, which was then converted to boric acid solution by distillation. The amount of 
ammonia converted to the distillate was determined by titration.15 
The determination of the fat content of the lemon peel was done gravimetrically. First, 
the destruction of the sample was carried out by digestion of 5 g of raw lemon peel with 60 
mL of concentrated HCl and 100 mL of distilled water in a period time of 20 min. The sample 
was filtrated and washed with hot distilled water until the negative reaction to chlorides. 
Thereafter the sample was dried in an oven at 103 °C, after which extraction was carried out 
in the Soxhlet’s extractor for 3 h in 150 mL of diethyl ether. Upon complete extraction, the 
content was evaporated into a rotary evaporator and dried at 103 °C until constant weight. Fat 
content expressed in percentages was calculated as the difference in mass before and after the 
extraction divided by the initial mass of the lemon peel. 
The cellulose content was determined by a gravimetric method. Namely, 1 g of lemon 
peel was boiled with stirring in 25 mL aliquots of a mixture containing 75 mL of 75 % acetic 
acid, 5 mL of nitric acid and 2 g of trichloroacetic acid. After half an hour, a sample was 
filtrated and washed 3 times with the remaining mixture, then with diethyl ether and finally 
with acetone. After filtration, the filter paper with the sample was dried at 103 °C to the cons-
tant weight. The content of cellulose is determined from the difference in the mass of the filter 
itself and filter with sample after filtration. 
To quantify the acidic and basic oxygen functional groups on the sorbent surface, the 
Boehm titration method was used. The number of acidic sites were calculated under the 
assumption that NaOH neutralizes carboxylic, phenolic and lactonic groups; Na2CO3 neutral-
izes carboxylic and lactonic groups; and NaHCO3 neutralizes only carboxylic groups.16 Exp-
erimentally, 0.5 g of lemon peel sorbent was shaken for 24 h in 50 mL of 0.1 N solutions of 
three different bases (NaHCO3, Na2CO3 and NaOH). Afterward, the suspensions were fil-
trated and 10 mL of aliquots from each filtrate were used for titration. The aliquot of NaOH 
was directly titrated with 0.1 N HCl. The other two aliquots (Na2CO3 and NaHCO3) were 
acidified by the addition of 0.1 N HCl to ensure complete neutralization of bases and then 
back titration was performed with 0.1 N NaOH. An analogous procedure determined the basic 
groups in the sorbent. 0.5 g of the sample was immersed in 0.1 N HCl for 24 h and afterward, 
the direct titration with 0.1 N NaOH was used. Titration was followed pH-metrically and the 
endpoint was pH 7. It is essential to underline that nitrogen was passed through all aliquots for 
15 min before and during titration to avoid carbonic acid formation with CO2 from the air.  
The content of acidic and basic functional groups was determined using the following 
Eq. (1) for direct titration,17 and Eq. (2) for back titration: 
 i i t t i afunctional group
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where ci is initial concentration of the base or acid in mol L-1, Vi is the initial volume of base 
or acid in L, ni is the number of moles of initial base or acid, Va is the aliquots from each 
filtrate used for titration in L, CHCl is concentration of acid added for acidification of base in 
mol L-1, VHCl is the volume of acid added for acidification of base in L, nHCl is the number of 
moles of added HCl to the aliquot before titration, ct  is concentration of titrant in mol L-1, Vt 
is the volume of titrant in L and msorbent is mass of sorbent in g. 
Batch sorption experiments 
The efficiency of Fe2+, Zn2+ and Mn2+ removal by lemon peel were tested in single aque-
ous solutions and multicomponent mining wastewater. Single solutions of investigated Fe2+, 
Zn2+ and Mn2+ at different concentrations and pH were prepared by dissolving their sulphate 
salts in deionised water. The pH values of the solution were adjusted by adding 0.1 M HNO3 
and 0.1 M NaOH solutions. Batch sorption experiments were performed at room temperature 
(25 °C), immersing a certain mass of a sorbent in 50 mL of the test solution and stirred on a 
magnetic stirrer at 1200 rpm for specific contact time. Afterward, the solutions were filtrated 
through a membrane filter (pore size 0.45 μm). To find the optimum conditions for the sorp-
tion process, the mass of sorbent was varied from 0.10 to 1.0 g, the contact time from 15 to 
120 min, the initial pH of the solution from 2 to 5 and the initial metal ion concentration from 
10 to 200 mg L-1. The concentrations of all investigated metal ions were measured by ICP- 
-OES. Each experiment was repeated three times under the same controlled conditions and the 
mean values are reported. The reproducibility and the relative standard deviation were of the 
order ±2 and ±3 %, respectively.  
The data obtained in batch studies were used to calculate the amount of sorbed metal 
ions and the efficiency of sorption. The sorption capacity was calculated according to the fol-
lowing equation: 
 e 0 e( )
Vq C C
m
= −   (3) 
where qe is the amount of sorbed metal ions per unit mass of sorbent in mg g-1, C0 is the initial 
concentration of metal ions in mg L-1, Ce is the final or equilibrium concentration of metal 
ions in solution in mg L-1, V is volume of the used metal ions solution in L and m is mass of 
the sorbent in g.  




ADS, % 100 C C
C
−=  (4) 
Linearized forms of Langmuir, Freundlich, Dubinin–Radushkevich and Temkin iso-
therms, presented in the Supplementary material to this paper, were used to study the distri-
bution of selected heavy metal ions between solution and the sorbent under equilibrium con-
ditions.  
Desorption studies 
In order to determine the potential reusability of the lemon peel sorbent, the desorption 
process was performed. Desorption was investigated with three different solutions: 0.1 M 
CH3COOH; 0.1 M HNO3 and 0.1 M HCl (mass of metal ion loaded sorbent 1.0 g; a volume of 
solution 50 mL; duration of process 15 min). Desorption efficiency was calculated according 
to the following equation: 
________________________________________________________________________________________________________________________
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where Cd is a concentration of metal ions in solution after desorption process in mg L-1 and 
Cads initial concentration of metal ions onto sorbent in mg L-1.  
RESULTS AND DISCUSSION 
Characterization of lemon peel 
The content of ash, fat, protein and cellulose in lemon peel sorbent are pre-
sented in Table I. The chemical composition of lemon peel shown in Table I is 
not complete, only the components that are important for the analysis of lemon 
peel as a sorbent are given. Hence, the total content of hemicellulose, lignin, 
flavonoids and sugars was not evaluated. 
TABLE I. Chemical composition of lemon peel waste 





The behaviour of sorbents depends mostly on its chemical composition. Cel-
lulose is the least reactive substance in lignocellulosic materials, and therefore, 
the higher the content of the cellulose in the material, its reactivity is lower. The 
content of cellulose in lemon peel waste is below 10 %, thus it should not signi-
ficantly diminish the sorption capabilities of lemon peel. On the other side, pro-
teins are biomolecules composed of amino acids, where –NH2 and COO– groups 
have an affinity for reaction with metal ions, thus accelerating the sorption cap-
abilities of lemon peel. However, in this case, the content of protein is signific-
antly low, around 2 %. The values of ash, protein and cellulose content obtained 
in this work are similar to the values published in the literature for the lemon peel.18 
Boehm titration was applied to further identify the quantity of the acidic and 
basic functional groups on the lemon peel surface. According to the results 
shown in Table II, the acidic groups are more presented than basic groups, lead-
ing to the conclusion that the surface of the lemon peel is acidic. Unlike orange 
peel that contains total acidic groups 2.47 mmol g–1 and base groups 0.5 mmol 
g–1,19 lemon peel contains a larger amount of acidic and base groups, which 
makes it a more suitable sorbent in acidic medium. 
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Sorption results 
The influence of dose of sorbent. The influence of the lemon peel dose on the 
sorption process of the selected heavy metal ions from the aqueous solution is 
shown in Fig. 1. These data were obtained by varying the dose of lemon peel 
from 0.10 to 1.0 g, while the other working parameters were constant. The per-
centage of removal of Zn2+, Fe2+ and Mn2+ significantly increases with the rise 
of the lemon peel dose, while sorption capacity decreases. The increased removal 
of metal ions from aqueous solutions is expected since higher sorbent dose gener-
ates more active sites for metal ions binding. On the other hand, the decrease in 
sorption capacity is a result of the unsaturation of all active sites. The maximum 
percentage of removal corresponds to a mass of 1.0 g of lemon peel and is 92.97 
% for Zn2+, 84.50 % for Fe2+ and 78.20 % for Mn2+. Bohli et al.20 showed that 
the degree of removal of metal ions is directly dependent on the ionic radius. The 
higher the ionic radius, the higher is its tendency for binding. In this case, Zn2+ 
has the highest ionic radius (74 pm), so it is expected to be more bounded on 
lemon peel sorbent than Fe2+ (ionic radius 70 pm) and Mn2+ (ionic radius 70 pm).  
 
Fig. 1. Influence of the mass of lemon peel on: a) sorption capacity and b) sorption percentage 
for removal of metal ions. The initial concentration of the metal ion solution was 50 mg L-1, 
contact time 15 min and temperature 25 °C. 
The influence of contact time of sorbent. The influence of contact time on the 
sorption of metal ions by a lemon peel is presented in Fig. 2. The percentage of 
Zn2+, Fe2+ and Mn2+ removal and the sorption capacity decrease with the inc-
rease of the contact time from 15 min to 2 h. Since maximum percent of metal 
ions removal was achieved within 15 min (for Zn2+ 92.9 %, Fe2+ 84.5 % and 
Mn2+ 78.2 %), this contact time period was selected for all further experiments. 
Due to fast achieved equillibrium sorption state, it was not possible to perform 
sorption kinetic experiments and to completely confirm the sorption mechanism. 
It is important to underline that the sorption equilibrium by a lemon peel is 
achieved within 15 min of contact time, which is significantly shorter time for 
sorption in comparison to the other fruit peels adsorbent reported in the literature. 
________________________________________________________________________________________________________________________
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For example, the equilibrium time for removal of zinc ions by musk melon peel 
was 70 min,21 by carbonated orange peel was 60 min,22 by kiwi, banana and tan-
gerine peel was 60 min,23 and by durian peel was 4 h.24 Adsorption of iron ions 
by banana peel was 24 h,25 by pomegranate peel was 40 min,26 whereas adsorp-
tion of manganese ions by modified banana peel was 1 h.27 The fast sorption of 
metal ions achieved in this work has a great practical significance, as it allows 
water purification in a short period, which contributes to the greater economy and 
efficiency of the purification process.  
 
Fig. 2. Influence of contact time on 
metal ions removal. The mass of sor-
bent was 1.0 g, the initial concentration 
of metal ions solution was 50 mg L-1 
and temperature 25 °C. 
Effect of solution pH on Fe2+, Zn2+ and Mn2+ sorption. The influence of the 
initial pH of the solution on the sorption properties of lemon peel was tested for 
each selected metal ion separately in the pH range between 2 and 5. The exp-
eriments were not performed at higher pH value due to the precipitation of tar-
geted metal ions (for Fe2+ at pH 5.35, for Zn2+ at pH 7.4 and for Mn2+ at pH 
7.5). The sorption percentage of lemon peel plotted versus the initial pH is shown 
in Fig. 3. The removal of Fe2+, Zn2+ and Mn2+ is very low at highly acidic con-
ditions (pH 2), whereas an increase of the pH from 2 to 3 leads to a significant 
rise in the percentage of removal of all tested metal ions. The maximum ADS 
value is reached at pH 4 for Zn2+ (92.9 %), Fe2+ (84.5 %) and Mn2+ (78.2 %), 
while with a further increase of pH the ADS % value slightly decreases. The 
same trend was observed regarding sorption capacity with an increase in pH 
value. The influence of the pH can be explained based on the pKa value of the 
Fig. 3. Initial pH effect on the sorption of 
Fe2+, Zn2+ and Mn2+ on lemon peel. The 
mass of sorbent was 1.0 g, the initial con-
centration of metal ions solution was 50 
mg L-1 and temperature 25 °C. 
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carboxyl group, which is in the range of 3.38–4.1,28 depending on the degree of 
esterification carboxyl groups present in pectin component of lemon peel.29 
At low pH (pH < pKa), the protonation of carboxyl groups occurs. Simul-
taneously with decreasing pH, the competition between hydrogen ions and metal 
cations for active sites on the surface of the sorbent is increased. The effect of 
this phenomenon is the reduction of the ion sorption capacity. Although at a 
higher pH (pH > pKa) the surface of the sorbent has a negative charge as a result 
of the ionization of the acid carboxyl groups and the increase of sorption capacity 
would be expected, a slight decrease of sorption efficiency at pH 5 was obtained. 
However, it was observed that during the sorption process the pH of metal ion 
solution is not constant and that lemon peel lowered the pH of metal ions 
solutions from 5 to 4-4.3, which could be possible explanation for unusual trend. 
Adsorption isotherms 
In order to evaluate the effect of initial metal ion concentration on sorption 
capability of lemon peel, the batch experiments were carried out immersing 1.0 g 
of lemon peel into 50 mL of tested ions solution at different initial concentrations 
(10, 30, 50, 70, 100, 150 and 200 mg L–1). The solutions were stirred for 15 min 
at 1200 rpm with a magnetic stirrer. The experimental equilibrium data have 
been analyzed by the use of linear forms of Langmuir, Freundlich, Temkin and 
Dubinin–Radushkevich isotherms. The obtained values for the isotherm cons-
tants and the coefficients of determination (R2) are reported in Table III.  
TABLE III. Isotherm parameters for Zn2+, Fe2+ and Mn2+ sorption onto the lemon peel 
Model Parameters Zn2+ Fe2+ Mn2+ 
Langmuir R2 0.98 0.99 0.97 
qm / mg g-1 5.03 4.40 4.52 
Kl / L mg-1 0.26 0.11 0.07 
Freundlich R2 0.96 0.95 0.87 
n 1.92 2.08 2.31 
Kf  / mg1-1/n g−1 L1/n 0.98 0.59 0.55 
Dubinin–Radushkevich R2 0.72 0.79 0.93 
β / mol2 kJ-2 20.0 80.0 2.00 
qm / mg g-1 3.90 2.90 2.86 
E / kJ mol-1 1.58 0.79 0.50 
Temkin R2 0.93 0.98 0.97 
B 1.37 0.92 0.72 
KT / L g-1 1.91 1.15 1.35 
ΔH / J mol-1 -1812 -2680 -3442 
The Langmuir isotherm is found to provide the best theoretical correlation of 
the experimental equilibrium data for Fe2+, Zn2+ and Mn2+, with the maximum 
sorption capacities of 4.40, 5.03 and 4.52 mg g–1, respectively. This indicates the 
monolayer sorption of metal ions on the lemon peel. These results agree with the 
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literature data for the interaction between citrus pectin and cations Fe2+ and 
Zn2+, best described by the Langmuir isotherm.28,30 Moreover, an analysis of the 
experimental equilibrium data for metal ions resulted in an equally good 
correlation with Temkin isotherm, which is correlated to chemisorption of sor-
bate onto the sorbent.31 This model also assumes that the energy of the sorption 
of molecules decreases linearly with the surface coverage due to sorbent–sorbate 
interaction. 
Comparing results in this work with data from the literature presented in 
Table IV, it can be observed that the lemon peel studied in this work shows good 
sorption capacity for Zn2+, Fe2+ and Mn2+ at acidic pH conditions. 
TABLE IV. Comparisons of the lemon peel sorption capacity (qmax / mg g-1) with other 
sorbents from the literature 
Sorbent Ion Reference 
Zn2+ Fe2+ Mn2+ 
White rice husk ash / / 15.20 32 
Pomegranate peel carbon / 18.52 / 26 
Rice husk ash / 6.21 3.02 33 
Untreated banana peel / / 2.86 34 
Untreated coffee residues 4.40 / / 35 
Banana peel 5.80 / / 36 
Orange peel 5.25 / / 36 
Natura sugarcane bagasse 0.06 0.83 0.46 37 
Lemon peel 5.03 4.40 4.52 This study 
Desorption results 
The efficient desorption of metal-loaded sorbent is an essential fact for the 
possibility to re-use the lemon peel as sorbent again. Obtained results presented 
in Table V show that 0.1 M HCl found to be the most effective medium for the 
desorption of Mn2+ and Zn2+, reaching values of 55.19 and 37.24 %, respect-
ively. For the desorption of Fe2+, the most effective medium is 0.1 M HNO3, 
with a desorption rate of 25.82 %. However, the degree of desorption is not high 
enough to allow the lemon peel to be re-used for new adsorption. 
TABLE V. Desorption efficiency (DES / %) of metal ions from lemon peel in different media 
Medium Ion 
Zn2+ Fe2+ Mn2+ 
0.1 M CH3COOH 20.66 18.86 40.38 
0.1 M HNO3 34.33 25.82 35.50 
0.1 M HCl 37.24 21.88 55.19 
________________________________________________________________________________________________________________________
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Use of sorbent in wastewater  
For the investigation of lemon peel efficiency in the real system, the copper 
mining industrial wastewater was used from the Bor mining, in Serbia. Mining 
wastewater is characterized by a low pH value (pH 2.5–3) and a high concen-
tration of more than one metal. This wastewater contains high concentrations of 
Zn2+ (47 mg L–1), Fe2+ (15 mg L–1) and Mn2+ (66 mg L–1). When more than 
one metal is present in the sorption system, the evaluation of sorption results, 
their interpretations and representation become more complicated. To investigate 
the applicability of lemon peel in a real system, batch experiments were carried 
out by using 3 different doses of sorbent (1, 2 and 3 g) mixed for 15 min in 50 
mL of wastewater solution at speed rate 1200 rpm. Because the present study is 
aimed to find a simple and inexpensive way for the purification of wastewater 
from Zn2+, Fe2+ and Mn2+ by lemon peel, it was decided not to adjust the pH of 
the mining wastewater. Based on the results shown in the Table VI, it can be con-
cluded that lemon peel is more effective in removing Fe2+ (49.62 %) and Zn2+ 
(33.97 %). A low rate of metal ions removal in real wastewater indicates that pre- 
-treatment of water is needed in order to increase the efficiency of the sorbent. 
Table VI. Removal of metal ions from mining wastewater (ADS / %) 
Mass of sorbent, g Ion 
Zn2+ Fe2+ Mn2+ 
1 9.13 43.67 1.91 
2 16.09 38.83 3.47 
3 33.97 49.62 9.11 
CONCLUSIONS 
In this paper, the conversion of lemon peel waste into useful sorbent against 
three types of water pollutants (Fe2+, Zn2+ and Mn2+) was investigated. The pro-
minent acidic groups on the surface of lemon peel played a significant role in 
binding the metal ions from aqueous and mining wastewater solutions. It was 
found that removal of targeted ions from aqueous single solutions was 92.9 
(Zn2+), 84.5 (Fe2+) and 78.2 % (Mn2+), whereas its efficiency in mining waste-
water was 49.62 (Fe2+), 33.97 (Zn2+) and 9.11 % (Mn2+). Although lemon peel 
appeared to be efficient for removal of divalent cations from single aqueous sol-
utions, further studies should be carried out, in terms of pre-treatment of mining 
wastewater and potential modification of lemon peel surface, in order to increase 
its practical adsorption efficiency in multicomponent real wastewater systems. 
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И З В О Д  
УКЛАЊАЊЕ Fe2+, Zn2+ и Mn2+ ИЗ ОТПАДНЕ ВОДЕ РУДНИКА КОРИШЋЕЊЕМ 
ОТПАДНЕ КОРЕ ЛИМУНА 
СЛАЂАНА МЕСЕЛЏИЈА1, ЈЕЛЕНА ПЕТРОВИЋ1, АНТОНИЈЕ ОЊИА2, ТАТЈАНА ВОЛКОВ-ХУСОВИЋ2,  
АЛЕКСАНДРА НЕШИЋ1 и НИКОЛА ВУКЕЛИЋ3 
1Универзитет у Београду, Институт за нуклеарне науке „Винча“, Београд, 2Универзитет у Београду, 
Технолошко–металуршки факултет, Београд и 3Универзитет у Београду, Факултет за физичку 
хемију, Београд 
Циљ овог рада је да се испита могућност коришћења коре лимуна, као агро-индус-
тријског отпада, за уклањање Fe2+, Zn2+ и Mn2+ из њихових водених раствора и из отпадне 
воде рудника. С тим у вези испитиван је утицај различитих параметара: времена сорпције, 
почетнe pH вредности раствора, почетне концентрације јона метала и дозе сорбента на 
процес сорпције. Експериментално добијени подаци у сорпционој равнотежи анализирани 
су користећи линеарне облике Ленгмирове, Фројндлихове, Темкинова и Дубинин–Радуш-
кевичеве изотерме. Ленгмирова изотерма је приказала најбољу теоријску корелацију са екс-
перименталним подацима за Fe2+, Zn2+ и Mn2+ са максималним сорпционим капацитетима 
4,40, 5,03 и 4,52 mg g-1, редом. Проценат уклањања циљаних јона из њихових водених 
раствора је 92,9 (Zn2+), 84,5 (Fe2+) и 78,2 % (Mn2+). Испитивањем сорпционе способности 
лимунове коре у рударским отпадним водама, добијено је да је максимално уклањање Fe2+, 
Zn2+ и Mn2+ из отпадне воде рудника 49,62, 33,97 и 9,11 %, редом. Поред тога, могућност 
поновне употребе коре лимуна као сорбента је испитана проучавањем десорпције у 0,1 М 
раствору CH3COO4, HCl и HNO3. Највећа стопа десорпције постигнута је у 0,1 М раствору 
HCl, и достигла је вредност од 55,19 % за Mn2+ и 37,24 % за Zn2+, док је за Fe2+ највећа 
вредност од 25,82 % постигнута у 0,1 М раствору HNO3. 
(Примљено 13. априла, ревидирано 23. маја, прихваћено 26. маја 2020) 
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